Based on the goodness of fit approach, a new test is presented for testing exponentiality against"exponential Better than Used in moment generating function ordering class"(EBU mg f ). The critical values and the powers of this test are calculated. It is shown that the proposed test enjoys good power and performs better than previous tests in terms of power and Pitman's asymptotic efficiencies for several alternative. Finally sets of real data are used as examples to elucidate the use of the proposed test in practical application.
Introduction
The new better than used aging classes have been studied by reliability, statisticians, survival analysts and others. Such classes are defined by stochastic comparisons of the residual life of a used unit with the lifetime of new one. Such classes can be derived based on several notions of comparison between random variables. The stochastic and the increasing concave comparisons are used by Muller and Stoyan [1] and Shaked and Shanthikumar [2] . Formally if X and Y are two random variables then we say that X is smaller than Y in the: In the context of lifetime distributions the above ordering has been used to give characterizations and new definitions of aging classes. One of the most important approaches to the study of aging is based on the concept of additional residual life. Let X be a lifetime random variable such that distribution function F with F(0) = 0. Given a unit which has survived up to time t, its additional residual life (Barlow and Proschan, [3] ) is given by The comparison of the additional residual life at different times has been used to produce several notions of aging. In particular, X is said to be (i) New better than used (denoted by X ∈ NBU) ifF(x + t) ≤F(t)F(x) for all t ≥ 0.
(ii) New better than used in the increasing concave order (denoted by X ∈ NBU(2)) if
For more details about the former aging notions, one may refer to Bryson and Siddiqui [4] Barlow and Proschan [3] and Deshpande et la. [5] . Elbatal [6] compared the survival function of a component of age t to a new component having the exponential distribution as its survival function. Definition 1.1. X is exponential better (worse) than used (denoted by X ∈ EBU) If
The closure properties under reliability operation, moment inequality, and heritage under shock model have been discussed by Elbatal [6] . Statisticians and reliability analysts studied exponential better than used classes of life distributions from various points of view. For more details we refer to Hendi et al. [7] for EBU class, Attia et al. [8] for EBUA class, Abdul moniem [9] for EBUASI class, Hendi and AL-Ghufily [10] for EBUC class and AL-Ghufily [11, 12] for EBUCA class.
Given two non-negative random variables X and Y , with survival functionsF andḠ, respectively, X is said to be smaller than Y in the moment generating function ordering (denoted by X ≤ mg f Y ) if and only if,
Recently based on this notion, Abbas [13] introduced a new aging class of life distributions. Definition 1.2. We say that X is exponential better than used in the moment generating function order (denoted byX ∈ EBU mg f ) if X t ≤ mg f Y for all t > 0, where Y is an exponential random variable with the same mean as X. Equivalently, X ∈ EBU mg f if and only if,
Note that, the definition (1.2) is motivated by comparing the moment generating function of the life time X t of a component of age t with the moment generating function of another new life time Y of a component which is distributed exponentially with mean µ. In the current investigation, we present a procedure to test X is exponential versus it is EBU mg f and not exponential in Section 2. In Section 3, the Pitman asymptotic efficiencies are calculated for some commonly used distributions in reliability. Monte Carlo null distribution critical points and the power estimates are simulated in Section 4. Finally numerical examples is presented in Section 5.
Hypothesis testing problem
Our goal in this section is to present a test statistic based on goodness of fit approach for testing H 0 : F is exponential against H 1 : F belongs to EBU mg f class and not exponential. We propose the following measure of departure
where
The following lemma is essential for the development of our test statistic.
Proof. Note that
One can show that
and
Thus the result follows.
To make the test scale invariant, we let δ 1 (λ ) =
To estimate δ 1 (λ ), let X 1 , X 2 , X 3 , · · · , X n be a random sample from F, so the empirical form of δ 1 (λ ) isδ
By defining
and define the symmetric kernel
where the sum is over all arrangements of X i and X j , this leads toδ 1n (λ ) is equivalent to U-statistic
The next result summarizes the asymptotic normality ofδ 1n (λ ).
is asymptotically normal with mean 0 and variance is σ 2 given in (2.5). Under H 0 , the variance is reduced to (2.6).
Proof. Let
In view of (2.4), the variance is
Under H 0 it is easy to prove that µ 0 = E[η(X)] = 0 and the variance σ 2 0 reduces to
The Pitman Asymptotic Efficiency (PAE)
To asses the quality of this procedures, we evaluate its Pitman asymptotic efficiency (PAE) for some commonly used distributions in reliability, these are:
(1) Linear failure rate family (LFR):
The PAE is defined by
The PAE(δ ) can be written as,
where φ θ (λ ) = ∞ 0 e λ x dF θ (x) and µ θ = ∞ 0F θ (x)dx. After some mathematical calculations we get Table 1 gives the efficiencies of our proposed testδ 1n (λ ) for various values of λ comparing with the tests given by Kango [14] (U n ), Mugdadi and Ahmad [15] (δ 3 )and Mahmoud and Abdul Alim [16] 
One can note that our test is more efficient for all used alternatives.
Monte Carlo Null Distribution Critical Points
In practice, simulated percentiles are commonly used by applied statisticians and reliability analyst. Next, we simulate the Monte Carlo null distribution critical points forδ 1n (λ ) in (2.1) based on 10000 simulated sample 2(1)50 from the standard exponential distributions. Table 2 gives these percentile points of the statisticsδ 1n (λ ) at λ = 0.23.
In view of Table 2 , it is noticed that the critical values are increasing as the confidence level increasing and is almost decreasing as the sample size increasing. Table 3 shows the power estimate of the test statisticδ 1n (λ ) at the significant level 0.05 using LFR, Makeham and Weibull distributions. The estimates are based on 10000 simulated samples for sizes n = 10, 20 and 30. It is clear from Table 3 that our test has good powers for all alternatives and the power estimate increase as the the sample size increases. The powers are getting as greater as the class departs the exponential distribution. It was found thatδ 1n = 0.0523 and this value exceeds the tabulated critical value in Table 2 . It is evident that at the significant level 0.05 this data set has EBU mg f property.
The Power Estimates
Example 5.2. Consider the following data, which represent failure times in hours, for a specific type of electrical insulation in an experiment in which the insulation was subjected to a continuously increasing voltage stress (Lawless [17] It was found thatδ 1n = 0.0109 which is less than the tabulated critical value in Table 2 . Then we accept H 0 which states that the data set has exponential property.
